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Semiconductor memory device, and method of controlling the same 



(57) A semiconductor memory device comprises an 
internal voltage generator (18) which, when activated, 
generates an internal voltage to be supplied to an inter- 
nal circuit. Operating the internal voltage generator (18) 
consumes a predetermined amount of the power. In re- 
sponse to a control signal from the exterior, an entry cir- 
cuit (14) inactivates the internal voltage generator (18). 
When the internal voltage generator (18) is inactivated, 
the internal voltage is not generated, thereby reducing 
the power consumption. By the control signal from the 
exterior, therefore, a chip can easily enter a low power 
consumption mode. The internal voltage generator (18) 



is exemplified by a booster (28) for generating the boost 
voltage of a word line connected with memory cells, a 
substrate voltage generator (34) for generating a sub- 
strate voltage, or a precharging voltage generator (30) 
for generating the precharging voltage of bit lines to be 
connected with the memory cells. During the low power 
consumption mode, an external voltage supplying cir- 
cuit supplies a power supply voltage supplied from the 
exterior as the internal voltage to a predetermined inter- 
nal circuit. Even when the internal voltage generator 
(18) is inactivated, therefore, the power supply voltage 
is supplied to the power supply terminal of each internal 
circuit, which results in preventing a leak path. 
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Description 



[0001] The present invention relates to a semiconduc- 
tor memory device having a low power consumption 
mode. 

[0002] In recent years, the cellular phone has been 
given not only a function to have a vocal communication 
but also a function to transmit character-string data or 
image data. Moreover, the cellular phone is expected in 
the future to become a kind of information terminal (for 
example, a portable type personal computer) as the in- 
ternet services are diversified. Thus, the information vol- 
ume of data to be handled by the cellular phone has 
been drastically increasing. Typically, the cellular phone 
has employed as its work memory SRAMs having a 
memory capacity of about 4 Mbit. The work memory is 
a memory for retaining the necessary data during the 
operation of the cellular phone. It is probable that the 
memory capacity of this work memory will be insufficient 
in the future. 

[0003] In addition, the transmission speed of the cel- 
lular phone has been increasing. The smaller the cellu- 
lar phone becomes, the smaller the battery to be mount- 
ed becomes. Therefore, the work memory to be em- 
ployed in the cellular phone is required to have a high 
speed, a low power consumption and a large capacity. 
Due to serious price competition in the cellular phone 
market, it is necessary to make the costs for parts as 
low as possible. Therefore, the work memory also has 
to be at low price. 

[0004] The SRAMs employed in the work memory of 
previously-considered cellular phones are higher per bit 
in cost than DRAMs. The number of SRAMs produced 
is smaller than that of the DRAMs so that it is difficult to 
lower its price. Moreover, there have never been devel- 
oped SRAMs having a large memory capacity (for ex- 
ample, 64 Mbit). 

[0005] In this situation, it has been considered to re- 
place the SRAMs by flash memories and DRAMs in the 
work memory of the cellular phone. 
[0006] The flash memory has a power consumption 
as low as several uA/V during a standby state but requires 
several us to several tens us for writing data. When the 
flash memory is employed as the work memory of the 
cellular phone, therefore, it is difficult to transmit/receive 
massive data at high speed. The flash memory performs 
the write operation at the unit of a sector so that it is not 
suitable for rewriting image data, such as the data of a 
moving image, bit by bit. 

[0007] On the contrary, the DRAMs can execute both 
the read operation and the write operation within several 
tens ns and can process the data of the moving image 
easily. However, the power consumption during the 
standby state is higher than that of the flash memories. 
In the present DRAMs, the power consumption in the 
standby state is about 1 mW during a self-refresh mode 
for retaining written data and about 300 W during a 
standby mode not required for retaining written data. 



[0008] If the power consumption during the standby 
mode could be reduced to that of the flash memories, 
the DRAMs could be employed as the work memory of 
the cellular phone, but such circuit technology has never 
5 been proposed. 

[0009] The power consumption of the DRAMs can be 
reduced to zero by stopping the power supply to the 
DRAMs However, since the address terminals, the data 
terminals and the like of the DRAMs are connected with 
10 the terminals of other electronic parts through the wiring 
patterns on a circuit board, it is required to drastically 
change the system of the cellular phone (the pattern 
change of the circuit board, re-layout and so on) for the 
termination of the power supply to the DRAMs. 
15 [0010] Besides, there has not been proposed a tech- 
nology which realizes exit from the standby mode with- 
out the malfunction of an internal circuit after the power 
supply is terminated to stop the operation of the internal 
circuit during the standby mode. 
20 [001 1] It is therefore desirable to be able to enter the 
device into a low power consumption mode and exit the 
device from a low power consumption mode with relia- 
bility. 

[001 2] It is also desirable to provide a semiconductor 
25 memory device capable of drastically reducing current 
consumption during standby mode as compared with 
the previously-considered devices and a method of con- 
trolling the semiconductor memory device. 
[001 3] It is also desirable to provide a semiconductor 
30 memory device capable of drastically reducing current 
consumption during a standby period as compared with 
the conventional devices and a method of controlling the 
semiconductor memory device. 
[0014] According to an embodiment of one aspect of 
35 the present invention, there is provided a semiconductor 
memory device having an internal voltage generator 
which, when activated, generates an internal voltage to 
be supplied to an internal circuit. When the internal volt- 
age generator is operated, a predetermined amount of 
40 electric power is consumed. In response to a control sig- 
nal from the exterior, an entry circuit inactivates the in- 
ternal voltage generator. The internal voltage is not to 
be generated due to the inactivation of the internal volt- 
age generator so that the power consumption may be 
45 reduced. In response to the control signal from the ex- 
terior, therefore, it is possible to easily enter the device 
into the low power consumption mode. 
[0015] According to another example of a semicon- 
ductor memory device embodying the present inven- 
50 tion, in response to the control signal from the exterior, 
the entry circuit stops the operation of a booster and the 
generation of a boost voltage to be supplied to a word 
line During the low power consumption mode the boost- 
er steadily consuming the electric power stops so that 
55 the power consumption is drastically reduced. 

[0016] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion, in response to the control signal from the exterior, 
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the entry circuit stops the operation of a substrate volt- 
age generator to stop the generation of a substrate volt- 
age to be supplied to a substrate. During the low power 
consumption mode, the substrate voltage generator 
steadily consuming the electric power stops so that the 
power consumption is drastically reduced. 
[0017] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion, in response to the control signal from the exterior, 
the entry circuit stops the operation of an internal supply 
voltage generator to stop the generation of an internal 
supply voltage to be supplied to a memory core. During 
the low power consumption mode, the internal supply 
voltage generator steadily consuming the electric power 
stops so that the power consumption is drastically re- 
duced. 

[0018] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion, in response to the control signal from the exterior, 
the entry circuit stops the operation of a precharging 
voltage generator to stop the generation of a precharg- 
ing voltage to be supplied to bit lines. During the low 
power consumption mode, the precharging voltage gen- 
erator steadily consuming the electric power stops so 
that the power consumption is drastically reduced. 
[0019] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion, an external voltage supplying circuit supplies the 
power supply voltage as the internal voltage to the in- 
ternal circuit during the low power consumption mode. 
When the internal voltage generating circuit is inactive, 
therefore, the power supply terminal of each internal cir- 
cuit is supplied with a predetermined power supply volt- 
age. As a result, each element of the internal circuit is 
fixed in a predetermined state to prevent a leak path. In 
other words, the flow of a feedthrough current is pre- 
vented. 

[0020] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion, a predetermined internal circuit is inactivated when 
a reset signal is supplied from the exterior. In response 
to this reset signal, the entry circuit enters the device 
into the low power consumption mode. During the reset- 
ting, the device need not be operated. Therefore, it can 
enter the low power consumption mode by utilizing the 
existing signal. The type and number of external termi- 
nals are identical to those of the conventional terminals 
so that adding the low power consumption mode does 
not lower the usability. 

[0021] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion, the entry circuit receives a plurality of control sig- 
nals from the exterior. The entry circuit enters the device 
into the low power consumption mode when it recogniz- 
es the states of the control signals as low power con- 
sumption commands. Therefore, the device can enter 
the low. power consumption mode by the command in- 
put. 



[0022] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion, the entry circuit receives a reset signal and a chip 
enable signal from the exterior. The entry circuit enters 
5 the device into the low power consumption mode when 
it recognizes the states of those control signals as low 
power consumption commands. Therefore, the device 
can enter the low power consumption mode by the com- 
mand input. 

w [0023] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion, when the reset signal is inactivated during a pre- 
determined period and in this state the chip enable sig- 
nal is activated during a predetermined period, the de- 
15 vice enters the low power consumption mode. Even 
when a glitch occurs in the reset signal or the chip ena- 
ble signal due to power supply noises or the like, it is 
able to prevent the device from erroneously entering the 
low power consumption mode. 
20 [0024] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion, the entry circuit receives a plurality of control sig- 
nals from the exterior during the low power consumption 
mode. The entry circuit exits the device from the low 
25 power consumption mode when the levels of the control 
signals indicate exit of the low power consumption 
mode. Therefore, the device can be exited from the low 
power consumption mode by the command input. 
[0025] The entry circuit preferably enters the device 
30 into the low power consumption mode when it receives 
the predetermined level or the transition edge of a low 
power consumption mode signal. Therefore, the device 
can reliably enter the low power consumption mode by 
employing a dedicated signal. 
35 [0026] According to an embodiment of another aspect 
of the present invention there is provided a semiconduc- 
tor memory device and method of controlling the semi- 
conductor memory device, in which, when the state of 
a control signal received during the low power consump- 
40 tion mode indicates exit of the low power consumption 
mode, the low power consumption mode is exited. This 
allows the device to be easily exited from the low power 
consumption mode by a control signal from the exterior. 
The exist from the low power consumption mode is, for 
45 example, executed by controlling the entry circuit. 

[0027] According to another example of a semicon- 
ductor memory device and method of controlling the 
semiconductor memory device embodying the present 
invention, after the low power consumption mode is ex- 
50 ited, a reset signal for initializing an internal circuit is ac- 
tivated during a period where the internal voltage is low- 
er than a predetermined voltage. For instance, the reset 
signal is activated during a period where the internal 
voltage is lower than a reference voltage generated by 
55 stepping down the power supply voltage. Therefore, 
when the low power consumption mode shifts to a nor- 
. mal operating mode, the internal circuit can be reliably 
reset, which prevents malfunction of the internal circuit. 
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[0028] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion after the low power consumption mode is exited, a 
reset signal for initializing an infternal circuit is activated 
during a period where a boost voltage internally gener- 
ated is lower than a predetermined voltage. For exam- 
ple the reset signal is activated during a period where 
the boost voltage is lower than ttie power supply voltage. 
In addition, the reset signal can be activated during a 
period where the boost voltagefes lower than a reference 
voltage generated by stepping down the power supply 
voltage. 

10029] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion after the low power consumption mode is exited, a 
reset signal for initializing an internal circuit is activated 
during a period where at least ome of the internal voltage 
and a boost voltage internally/ generated is/are lower 
than respective predetermined voltages. Therefore, 
when the low power consumption mode shifts to the nor- 
mal operating mode, the internal circuit can be reliably 
reset which prevents malfunction of the internal circuit. 
[0030] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion, at the time of the exit form the low power consump- 
tion mode, while a timer is measuring a predetermined 
length of time, a reset signal for initializing an internal 
circuit is activated. This allows reliable reset of the in- 
ternal circuit, leading to preventing malfunction of the 
internal circuit when the low power consumption mode 
shifts to a normal operating mode. 
[0031] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion a timer includes a CR timeconstant circuit. The tim- 
er measures the length of a time based on the propaga- 
tion delay time of a signal propagated to the CR time 
constant circuit so that the activation period of a reset 
signal can be set by a simple circuit 
[0032] According to another example of a semicon- 
ductor memory device embodying the present inven- 
tion at the time of the exit from tthe low power consump- 
tion mode, a reset signal for initializing an internal circuit 
is activated while a counter operating in the normal op- 
eration counts a predetermined number. This allows re- 
liable reset of the internal circuat, leading to preventing 
malfunction of the internal circuit when the low power 
consumption mode shifts to a mormal operating mode^ 
For examples refresh countertfor indicating the refresh 
address of memory cells or the like is employed as a 
counter. 

[0033] According to an embodiment of another aspect 
of the present invention, there us provided a method of 
controlling a semiconductor rnemory device having an 
internal voltage generator which, when activated, gen- 
erates the internal voltage to be supplied to a predeter- 
mined internal circuit. When the internal voltage gener- 
ator is operated, a predetermined amount of electric 
power is consumed. In response to the control signal 



from the exterior, the internal voltage generator is inac- 
tivated The internal voltage is not to be generated due 
to the inactivation of the internal voltage, which results 
in reducing the power consumption. In response to the 
5 control signal from the exterior, therefore, the device can 
easily enter the low power consumption mode. 
[0034] According to another example of a method of 
controlling a semiconductor memory device embodying 
the present invention, a plurality of control signals is re- 
10 ceived from the exterior. The device enters the low pow- 
er consumption mode when it recognizes the states of 
the control signals as the low power consumption com- 
mands. Therefore, the device can enter the low power 
consumption mode by the command input. 
15 [0035] According to another example of a method of 
controlling a semiconductor memory device embodying 
the present invention, when the power supply is 
switched on, the chip enable signal remains inactivated 
until the power supply voltage reaches a predetermined 
20 voltage. This makes it possible to prevent an erroneous 
entry to the low power consumption mode when the 
power supply is switched on. 

[0036] A semiconductor memory device, and a meth- 
od of controlling the device, embodying the present in- 
25 vention can offer one or more of the following advantag- 
es: 

• [0037] It is possible to easily enter a device into a low 
power consumption mode by a control signal from the 

exterior. . 
30 [0038] It is possible to prevent the feedthrough current 
(or leak path) of an internal circuit during a lower power 
consumption mode. 

[0039] It is possible to easily enter the device into the 
low power consumption mode by employing an existing 
35 control signal. 

[0040] It is possible to easily enter the device into the 
low power consumption mode by a command input. 
[0041] It is possible to easily enter the device into the 
low power consumption mode by a dedicated control 
40 signal. 

[0042] Reference will now be made, by way of exam- 
ple, to the accompanying drawings, in which: 



45 



50 



55 



Fig 1 is a state transition diagram of a semiconduc- 
tor memory device embodying the present inven- 
tion; . 
Fig. 2 is a block diagram showing a basic principle 

of a first embodiment; 

Fig. 3 is a block diagram showing the first embodi- 
ment; 

Fig. 4 is a circuit diagram showing the details of a 
booster and a precharging voltage generator of Fig. 
3; 

Fig. 5 is a circuit diagram showing the details.of an 
internal supply voltage generator and a substrate 
voltage generator of Fig. 3; 
Fig. 6 is a circuit diagram showing the detail of a 
portion of a memory core of Fig. 3; 
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Fig. 7 is a timing chart showing the operations.of 
the first embodiment at the switch-on of a power 
supply and at the times of entry into and exit from 
a low power consumption mode; 
Fig. 8 is a block diagram showing an example in 
which the semiconductor memory device of the first 
embodiment is used in a cellular phone; 
Fig. 9 is an explanatory diagram showing the state 
of using the cellular phone shown in Fig. 8; 
Fig. 10 is a flow chart showing the state of control- 
ling the cellular phone shown in Fig. 8; 
Fig. 11 is a block diagram showing a second em- 
bodiment; 

Fig. 12 is a circuit diagram showing the detail of a 
low power entry circuit of Fig. 11; 
Fig. 13 is a timing chart showing the operations of 
the low power entry circuit of Fig. 12; 
Fig. 14 is a block diagram showing a third embodi- 
ment; 

Fig. 15 is a circuit diagram showing a VII starter in 
a fourth embodiment; 

Fig. 16 is a circuit diagram showing a VII starter in 
the fourth embodiment; 

Fig. 17 is a. timing chart showing operations at the 
entry to and the exit from a low power consumption 
mode in the fourth embodiment; 
Fig. 1 8 is a circuit diagram showing a level detecting 
circuit in a fifth embodiment- 
Fig. 19 is a timing chart showing operations at the 
entry to and the exit from a low power consumption 
mode in the fifth embodiment; 
Fig. 20 is a circuit diagram showing a start signal 
generator in a sixth embodiment; and 
Fig. 21 is a timing chart showing operations at the 
entry to and the exit from a low power consumption 
mode in the sixth embodiment. 



[0043] Embodiments of the present invention will be 
described with reference to the accompanying draw- 
ings. 

[0044] Fig. 1 shows a state transition diagram or -a 
semiconductor memory device embodying the present 
invention. 

[0045] First of all, the semiconductor memory device 
comes into an idle mode when the power supply is 
switched on. When a read command or a write com- 
mand is received in the idle mode, the mode shifts to an 
operating mode to execute a read operation or a write 
operation. After the execution of the read operation or 
the write operation, the idle mode is automatically re- 
stored. When a self-refreshing command is received in 
the idle mode, the device enters the self-refreshing 
mode to execute self refresh. Herein the self-refreshing 
mode, a refresh address is automatically generated 1o 
sequentially execute refreshing operations in memory 
cells. 

[0046] The semiconductor memory device enters the 
low power consumption mode by detecting a predeter- 



mined state of a signal in the idle mode. In a first em- 
: bodiment described below, in response to a chip enable 
signal CE2, the device enters the low power consump- 
tion mode. Specifically, by the chip enable signal CE2 a 
5 predetermined internal circuit is inactivated and the de- 
vice enters the low power consumption mode. In a sec- 
ond embodiment described below, in response to a 
command input by chip enable signals /CE1 and CE2, 
the device enters the low power consumption mode. In 
10 a third embodiment described below, in response to a 
dedicated low power consumption mode signal /LP, the 
device enters the low power consumption mode. 
[0047] The semiconductor memory device detects a 
predetermined state of a signal during the low power 
15 consumption mode and exits the mode. 

[0048] Fig. 2 shows the basic principle of a semicon- 
ductor memory device embodying the present inven- 
tion. . 
[0049] The semiconductor memory device includes 
20 an entry circuit 1, an internal voltage generator 2, an 
external voltage supplying circuit 3 and an internal cir- 
cuit 4. 

[0050] The internal voltage generator 2 generates an 
internal voltage in each mode after the power supply is 
25 . switched on, and supplies the internal voltage to the in- 
ternal circuit 4. The entry circuit 1 receives a control sig- 
nal and inactivates the internal voltage generator 2 
. when it detects a predetermined state of the control sig- 
nal. When the internal voltage generator 2 is inactivated, 

30 the generation of the internal voltage is stopped. At the 
same time, the entry circuit 1 activates the external volt- 
age supplying circuit 3. This external voltage supplying 
circuit 3 supplies the power supply voltage as the inter- 
nal voltage to the internal circuit 4. And, the semicon- 

35 ductor memory device enters the low power consump- 
tion mode. 

[0051] Fig. 3 shows a first embodiment of the semi- 
conductor memory device and its control method of the 
present invention. The semiconductor memory device 
40 of this embodiment is formed as a DRAM on a p-type 
silicon substrate by employing the CMOS process tech- 
nology. 

[0052] The DRAM is provided with a VII starter 10, a 
VDD starter 1 2, a low power entry circuit 1 4, a command 
45 decoder 1 6, an internal voltage generator 1 8 and a main 
circuit unit 20. The internal voltage generator 18 has a 
low-pass filter 22, a reference voltage generator 24, a 
VDD supplying circuit 26, a booster 28, a precharging 
voltage generator 30, an internal supply voltage gener- 
50 ator 32, a substrate voltage generator 34 and a VSS 
supplying circuit 36. The main circuit unit 20 has a mem- 
ory core 38 and a peripheral circuit 40. Here, the low 
power entry circuit 14 corresponds to the entry circuit 1 
shown in Fig. 2, and the VDD supplying circuit 26 and 
55 the VSS supplying circuit 36 correspond to the external 
voltage supplying circuit 3 shown in Fig. 2. 
[0053] The DRAM is supplied with a power supply 
voltage VDD (e.g., 2.5 V) from the exterior, a ground 
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voltage VSS, chip enable signals /CE1 and CE2 as the 
control signals, a plurality of address signal AD, a plu- 
rality of data input/output signals DQ, and another :con- 
trol signal CN. This DRAM does not adopt the address 
multiplex method. Therefore, the address signals AD is 
supplied once at each read operation and at each write 
operafion. The power supply voltage VDD and the 
ground voltage VSS are supplied to almost affl the cir- 
cuits excepting a partial circuit of the memory ©ore 38. 
Here, the signals headed by the letter V are those of 
negative logic. The "address signals AD rt may be abbre- 
viated into the "AD signals" in the following description 
by ornfiting its signal name. 

[0054| The /CE1 signal is turned to a low lewel when 
the read operation and the write operation are escecuted 
to activate the DRAM. The CE2 signal functions as a 
reset signal to inactivate a predetermined internal circuit 
in the main circuit unit 20 when at the low level 
[0055J The VII starter 1 0 receives the internal supply 
voltage VII and the ground voltage VSS and outputs a 
start s^nal STTVil to the main circuit unit 20_ The Vll 
starter 10 is resets the main circuit unit 20 after&ie pow- 
er supply is switched on until the internal supply voltage 
Vll reaches a predetermined voltage, and it prevents the 
malfunction of the main circuit unit 20. The VDD starter 
12 receives the power supply voltage VDD and the 
ground voltage VSS and outputs a start signal STTCRX. 
The VDD starter 12 inactivates the low power entry cir- 
cuit 14 after the power supply is switched on until the 
power supply voltage VDD reaches a predetermined 
voltage and it prevents the malfunction of the circuit 14. 
[0056] The low power entry circuit 14 receives the 
start signal STTCRX and the CE2 signal and activates 
a low power signal ULP. 

[00571 In response to the /CE1 signal and another 
control signal CN, the command decoder 16 decodes a 
command and outputs the decoded command as an in- 
ternal command signal to the peripheral circuit 40. 
[0058] The low-pass filter 22 has a function to filter 
out the noise contained in the power supply voltage 
VDD. The power supply voltage VDD thus cleaned of the 
noise is fed to the reference voltage generator 24 or the 
like. In the low power consumption mode, the switch in 
the low-pass filter 22 is switched off and the power sup- 
ply voltage VDD is not supplied to the reference voltage 
generator 24 so that the current is not consumed. 
[0059] The reference voltage generator 24 receives 
the power supply voltage VDD and generates reference 
voltages VPREF (e.g., 1 .5 V), VPRREFL (e.g., 0.8 V), 
VPRREFH (e.g., 1.2 V) and VRFV (e.g., 2.0 V). 
[0060] The VDD supplying circuit 26 turns a boost 
voltage VPP and an internal supply voltage Vll to the 
power supply voltage VDD during the low power con- 
sumption mode. 

[0061] The booster 28 receives the reference voltage 
VPREF and generates the boost voltage VPP (e.g., 3.7 
V) and supplies the boost voltage VPP to the memory 
core 38. 



[0062] The precharging voltage generator 30 re- 
: ceives the reference voltage VPRREFL and the refer- 
ence voltage VPRREFH and generates a precharging 
voltage VPR (e.g., 1 .0 V) to be supplied to the memory 
5- core 38. 

[0063] The internal supply voltage generator 32 re- 
ceives the reference voltage VRFV and generates the 
internal supply voltage Vll (e.g., 2.0 V) to be supplied to 
the memory core 38 and the peripheral circuit 40. 
10 [0064] The substrate voltage generator 34 receives 
the reference voltage VRFV and generates a substrate 
voltage VBB (e.g., -1 .0 V) to be fed to the substrate and 
the p-wells of the memory cells. 
[0065] The VSS supplying circuit 36 turns the pre- 
15 charging voltage VPR and the substrate voltage VBB to 
the ground voltage VSS during the low power consump- 
tion mode. 

[0066] Fig. 4 shows the details of the booster 28 and 
the precharging voltage generator 30. 
20 [0067] The booster 28 is composed of resistors R1 
and R2 connected in series, a differential amplifier 28a, 
a pumping circuit 28b, an nMOS 28c and a switching 
circuit 28d for controlling the gate of the nMOS 28c. The 
resistor R1 is supplied at its one end with the boost volt- 
25 age VPP, and the resistor R2 is supplied at its one end 
with the ground voltage VSS through the nMOS 28c. A 
divided voltage Wis generated from the connection 
node of the resistors R1 and R2. The nMOS 28c re- 
ceives the power supply voltage VDD from the switching 
30 circuit 28d during the low power consumption mode. 
The differential amplifier 28a is formed of a MOS differ- 
ential amplifier using a current mirror circuit, for exam- 
ple, as the current source. The differential amplifier 28a 
outputs a high level when the voltage V1 is lower than 
35 the reference voltage VPREF. The pumping circuit 28b 
receives the high level from the differential amplifier 28a 
and starts a pumping operation. By this pumping oper- 
ation, the voltage VPP is raised, and the voltage V1 is 
raised. When this voltage V1 coincides with the refer- 
40 ence voltage VPREF (i.e., 1 .5 V), the output of the dif- 
ferential amplifier 28a reaches the low level so that the 
pumping operation stops. By repeating these opera- 
tions, the boost voltage VPP is retained at a constant 
voltage. 

45 [0068] The precharging voltage generator 30 is com- 
posed of two differential amplifiers 30a and 30b con- 
nected at their outputs with each other. The differential 
amplifier 30a is supplied with the reference potential 
VPRREFL and the precharging voltage VPR. The differ- 
so ential amplifier 30b is supplied with the reference poten- 
tial VPRREFL and the precharging voltage VPR. More- 
over, these differential amplifiers 30a and 30b generate 
the precharging voltage VPR at an intermediate value 
between the reference voltages VPRREFL and 
55 VPRREFH. 

[0069] Fig. 5 shows the details of the internal supply 
voltage generator 32 and the substrate voltage genera- 
tor 34. The internal supply voltage generator 32 is com- 
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posed of a negative feedback type differential amplifier 
32a, a compensating circuit 32b, a regulator 32c made 
of an nMOS, an nMOS 32d, and a switching circuit 32e 
for controlling the gate of the nMOS. The differential am- 
plifier 32a receives the reference voltage VRFV and a 
voltage V2 generated by the compensating circuit 32b, 
and supplies a predetermined voltage to a node VG. In 
the compensating circuit 32b, an nMOS and resistors 
R3 and R4 in a diode connection are arranged in senes 
between the node VG and the ground line VSS. The volt- 
age V2 is generated at the connection node between 
the resistors R3 and R4. The regulator 32c is connected 
at its gate with the node VG, receives the power supply 
voltage VDD at its drain and generates the internal sup- 
ply voltage VII at its source. 

[0070] The nMOS 32d is grounded at its source and 
connected at its drain with the node VG. The switching 
circuit 32e supplies the power supply voltage VDD to a 
gate of the nMOS 32d during the lower power consump- 
tion mode. The nMOS 32d receives the power supply 
voltage VDD from the switching circuit 32e during the 
low power consumption mode, and fixes the node VG 
at the ground level. 

[0071] In this internal supply voltage generator 
when the threshold voltage of the regulator 32c is low- 
ered due to the rise in the ambient temperature, for ex- 
ample, the threshold voltage of the nMOS of the com- 
pensating circuit 32b also drops, so that the voltage V2 
rises In response to the rise in the voltage V2, the dif- 
ferential amplifier 32a lowers the voltage of the node 
VG Moreover, the source-to-drain current of the nMOS 
32c is made constant so that the internal supply voltage 
VII is made constant. 

[0072] The substrate voltage generator 34 is com- 
posed of an oscillator 34a and a pumping circuit 34b. In 
response to the high level of a control signal VBBEN, 
the oscillator 34a starts the oscillating operation to out- 
put an oscillating signal OSC. The pumping circuit 34b 
has a capacitor for repeating charge and discharge in 
response to the oscillating signal OSC from the oscilla- 
tor 34a and a diode-connected nMOS transistor con- 
nected with one end of the capacitor. The charges of a 
p-type substrate connected with the anode are dis- 
charged by the pumping operation, which lowers the 
substrate voltage VBB. Making the substrate voltage 
VBB negative leads to gaining some effects such as re- 
ducing the influences of a shift in the threshold voltage 
of the memory cells due to the substrate effect so that 
the characteristics of the memory cells may be im- 
proved. 

[0073] Fig. 6 shows the detail of a portion of the mem- 
ory core 38. 

[0074] The memory core 38 has a memory cell MC, 
nMOS switches 42a and 42b, a precharging circuit 44 
and a sense amplifier 46. 

[0075] The memory cell MC is composed of a data 
transferring nMOS and a capacitor. The gate of the 
nMOS is connected with a word line WL0 (or WL1). 



[0076] The nMOS switches 42a and 42b control the 
connection between a bit line BL (or /BL) on the side of 
the memory cell MC and a bit line BL (or /BL) on the side 
of a sense amplifier SA. The nMOS switches 42a and 
5 42b receive a control signal BT at their gates. 

[0077] The precharging circuit 44 is composed of 
three nMOSes 44a, 44b and 44c: The nMOS 44a is con- 
nected at its source and drain, respectively, with the bit 
lines BL and /BL. The nMOSes 44b and 44c are con- 
to nected at one of their sources and drains, respectively, 
with the bit lines BL and /BL, and are supplied at their 
others with the precharging voltage VPR. The nMOSes 
44a and 44b and 44c receive a bit line control signal 
BRS at their gates. 
15 [0078] The sense amplifier 46 is constructed by con- 
necting the inputs and outputs of two CMOS inverters 
with each other. Each of these CMOS inverters is con- 
nected at its outputs individually with the bit lines /BL 
and BL The source of the pMOS and the source of the 
20 nMOS of each CMOS inverter are connected with power 
supply lines PSA and NSA, respectively. The voltages 
of these power supply lines PSA and NSA individually 
reach the VPR level during a standby state and during 
the inactivation of the sense amplifiers, and respectively 
25 change to the internal supply voltage VII and the ground 
voltage VSS when the bit lines are amplified. 
[0079] Fig 7 shows the operations of the switch-on of 
the power supply, the shifting (entry) to the low power 
consumption mode, and the release (exit) from the low 
30 power consumption mode with regard to the aforemen- 
tioned semiconductor memory device. 
[0080] First of all, when the power supply is switched 
on, the power supply voltage VDD rises gradually (Fig. 
7(a)) The VDD starter 12 shown in Fig. 3 inactivates the 
35 start signal STTCRX (to the low level) till the power sup- 
ply voltage VDD reaches a predetermined voltage (Fig. 
7(b)) By this control, it is possible to prevent the ULP 
signal from being activated due to the malfunctioning of 
the low power entry circuit 14 when the power supply is 
40 switched on. An exterior controller (e.g., a CPU or a 
memory controller) for controlling the DRAM turns the 
CE2 signal at the high level a predetermined time TO 
after the power supply voltage VDD reaches the mini- 
mum operable voltage VDDmin (Fig. 7(c)). 
45 [0081] After this, the DRAM becomes the standby 
state or executes an ordinary operation. The exterior 
controller turns the CE2 signal to the low level when the 
DRAM enters the low power consumption mode (Fig. 7 
(d)) The low power entry circuit 14 activates the ULP 
so signal (to the high level) in response to the fall of the 
CE2 signal when the STTCRX signal is at the high level 

[0082] 6 In response to the high-level of the ULP signal, 
the low-pass filter 22 of the internal voltage generator 
55 1 8 stops the supply of the power supply voltage to the 
reference voltage generator 24 and instead supplies the 
ground voltage VSS from the VSS supplying circuit 36. 
In response to the ground voltage VSS, the reference 
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voltage generator 24 turns the reference voltages 
VPREF VPRREFL, VPRREFH and VRFV to the ground 
level The nMOS 28b of the booster 28 shown in Fig. 4 
and the nMOS 32d of the internal supply voltage gener- 
ator 32 shown in Fig. 5 are switched off. As a result, the 
booster 28, the precharging voltage generator 30, the 
internal supply voltage generator 32 and the substrate 
voltage generator 34 are inactivated to stop their oper- 
ations Thus, all the conventional circuits remaining op- 
erative during the low power consumption mode are 
stopped. Therefore, the power consumption in the low 
power consumption mode is drastically reduced as com- 
pared with the conventional. 

[0083] When these circuits are inactivated, the gen- 
erations of the boost voltage VPP, the precharging volt- 
age VPR, the internal supply voltage VII and the sub- 
strate voltage VBB are stopped. However, the boost 
voltage VPP and the internal supply voltage VII are 
changed into the power supply voltage VDD by the VSS 
supplying circuit 36, and the substrate voltage VBB and 
the precharging circuit VPR are changed into the ground 
voltage VSS by the.VSS supplying circuit 36. Therefore, 
the internal circuit of the maincircuit unit 20 is prevented 
from having a leak path. 

[0084] The exterior controller turns the CE2 signal to 
the high level when the low power consumption mode 
is released (Fig. 7(f)). In response to the high level of 
the CE2 signal, the low powerentry circuit 14 inactivates 
the ULP signal (to the low level) (Fig. 7(g)). In response 
to the inactivation of the ULP signal, the low-pass filter 
22 supplies the power supply voltage VDD to the refer- 
ence voltage generator 24. In response to the inactiva- 
tion of the ULP signal, the VDD supplying circuit 26 and 
the VSS supplying circuit 36 stop the supplies of the 
power supply voltage VDD and the ground voltage VSS. 
Then the booster 28, the precharging voltage generator 
30 the internal supply voltagegenerator 32 and the sub- 
strate voltage generator 34 are activated again to start 
their operations. 

[0085] Here, the DRAM enters the idle mode a time 
T1 after the high level of the CE2 signal. This time T' I is 
a time required for the individual internal voltages VPP, 
VPR VII and VBB to become stable. 
[0086] Fig. 8 shows an example in which the semi- 
conductor memory device of the first embodiment is em- 
ployed in a cellular phone. 

[0087] This cellular phone has the DRAM of this em- 
bodiment, the CPU and the flash memory mounted on 
the circuit board. 

[0088] The CPU controls the read/write operation ot 
the data from/in the DRAM and the flash memory. The 
DRAM is employed as the work memory, and the flash 
memory is employed as the backup memory when the 
cellulai phone is switched offer in the waiting state. 
[0089] Fig. 9 shows the state of using the cellular 
phone shown in Fig. 8. 

[0090] In this example, the DRAM is in the low power 
consumption mode by the control of the CPU when the 



cellular phone is in the waiting state. At this time, the 
power consumption ofthe DRAM is as much as that of 
the flash memory in the standby state. 
[0091] When the cellular phone then enters the serv- 
5 ice state from the waiting state, the CPU raises the CE2 
signal shown in Fig. 8 to the high level. After the DRAM 
entered the idle mode, the data retained in the flash 
memory are transfened to the DRAM (Fig. 9(a)). During 
the service state, the DRAM is used as the work mem- 
10 ory Here, the service state includes not only the state 
of exchanging vocal communications but also the state 
of transferring data. 

[0092] When the service state shifts to the waiting 
state those, of the data of the DRAM, necessary to be 
15 retained are saved in the flash memory (Fig. 9(b)). After 
this the CPU lowers the CE2 signal to the low level and 
enters the DRAM to the low power consumption mode. 
The DRAM does not perform refresh operation in the 
low power consumption mode so that the unnecessary 

20 data is lost. 

[0093] When the power supply is switched off, the 
necessary data are retained in the flash memory. By ap- 
plying the DRAM of the first embodiment to the work 
memory of the cellular phone, the power consumption 
25 when the cellular phone is in the waiting state is drasti- 
cally reduced. 

[0094] Here, the DRAM and the flash memory may be 
controlled not by the CPU but by a dedicated memory- 
controller or the like. The data transfer may also be done 
so during the service state if necessary not only when the 
switching over the waiting state and the service state^ 
Moreover, the memory for backing up the data should 
not be limited to the flash memory but may be an SRAM. 
The data may be saved in a server such as the base 
35 station of the cellular phone. 

[0095] Fig. 1 0 is a flow chart showing a control of the 
cellular phone shown in Fig. 8. 
[0096] At first Step S1 , an entry to the low power con- 
sumption mode is prevented when the power supply is 
40 switched on. As shown in Fig. 7, specifically, the mal- 
function is prevented during the activation period of the 
STTCRX signal ofthe VDD starting circuit 12. 
[0097] Next, at Step S2, the CPU turns the CE2 signal 
to the low level to enter the DRAM into the low power 
45 consumption mode. At Step S3, the cellular phone is in 
the waiting state. 

[0098] Next, at Step S4, the CPU detects whether or 
not the power supply is switched off. When the power 
supply is switched off, the procedure is complete. When 
so the power supply is not switched off, the procedure ad- 
vances to Step S5. 

[00991 At Step S5, the CPU repeats the waiting state 
until it becomes the service state. When it becomes the 
service state, the procedure advances to Step S6. 
55 [0100] At Step S6, the CPU raises the CE2 signal to 
the high level to shift the DRAM from the low power con- 
sumption mode to the idle mode. Then, the individual 
power supply circuits 28, 30, 32 and 34 shown in Fig. 3 
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are started again. * 
[0101] Next at Step S7, the CPU transfers the data 
retained in the flash memory to the DRAM (return the 

data). 4 7 

[0102] Next, at Step S8. the service or thedata trans- 
fer is performed. 

[01 03] At Step S9, the CPU detects whether or not the 
DRAM becomes the waiting state. When it dtoes not, the 
procedure returns to Step 37. When it does, the proce- 
dure advances to Step S10. 

[0104] At Step S10, the CPU transfers ttoose of the 
data of the DRAM necessary to be retained, to the flash 
memory (save the data). 

[0105] Then, the procedure returns to Step S2, at 
which the cellular phone enters again the waiting state. 
The DRAM enters the low power consumption mode. 
[0106] in one example of a semiconductor memory 
device and its control method embodying ffie present 
, invention, the operations of the booster 28, the pre- 
charging voltage generator 30, the internal supply volt- 
age generator 32 and the substrate voltage generator 
34 are stopped during the low power consumption 
mode. Therefore, the power consumptions ; in the low 
. power consumption mode can be drasticafy reduced, 
as compared with previously-considered devices. 
[0107] In the low power consumption mode, the boost 
Voltage VPP and the internal supply voltage VII, and the 
substrate voltage VBB and the precharging vraitage VPR 
are set at the power supply voltage VDD and the ground 
voltage VSS, respectively. Therefore, the infernal circuit 
of the main circuit unit 20 can be prevented from having 
the leak path thereby to reduce the power ccansumption. 
• [0108] By utilizing the CE2 signal existing in the pre- 
viously-considered devices/the DRAM is entered to the 
low power consumption mode. Therefore, tfee kind and 
the number of the external terminals can be identteal.to 
those of the previously-considered terminate. As a re- 
sult, the user of the DRAM is not required to drastically 
change the circuit due to adding the low power con- 
sumption mode. 

[0109] When the power supply is switched on, the 
VDD starter 12 inactivates the start signal STTCRX (to 
the low level) until the power supply voltage VDD reach- 
es the predetermined voltage. As a result, the low power 
entry circuit 14 can be prevented from any malfunction 
when the power supply is switched on, to prevent the 
ULP signal from being activated and the DRAM from en- 
tering the low power consumption mode. 
[0110] When the power supply is switched on, the 
CE2 signal is raised to the high level the predetermined 
time TO after the power supply voltage VDD reaches the 
minimum operating voltage VDDmin. This makes it pos- 
sible to prevent the erroneous entry into the low power 
consumption mode when the power supply as switched 

on. [ 
[01 1 1] By applying DRAM embodying the presentin- 
vention to the work memory of the cellular phone, there- 
fore, the power consumption of the cellular phone during 



the waiting state can be drastically reduced. Moreover, 
the malfunction can be prevented. . 
{0112] Fig. 11 shows a second embodiment of the 
semiconductor memory device and its control method 
5 of the present invention. The same circuits as those de- 
scribed in the first embodiment are designated by the 
common reference numerals, and their detailed descrip- 
tion will be omitted. 

[0113] In this embodiment, a low power entry circuit 
10 50 is supplied with the /CE1 signal and the CE2 signal. 
A command decoder 52 is supplied with the ICE 1 signal, 
the CE2 signal and another control signal CN. The re- 
maining construction is equivalent to that of foregoing 
first embodiment. 
15 [0114]. Fig. 12 shows the detail of the low power entry 
circuit 50. 

[01 1 5] The low power entry circuit 50 has timing ad- 
justing circuits 54a and 54b, a level shifter 56, an RS 
flip-flop 58 and a combinational circuit 60. 
20 [0116] The timing adjusting circuit 54a is formed by 
connecting a two-input NOR gate connected at its one 
input with a delay circuit 54c and a two-input NAND gate 
connected at its one input with the delay circuit 54c, in 
.plurality in cascade. Each delay circuit 54c has an MOS 
25 capacity arranged between a plurality of inverters con- 
nected in cascade. The timing adjusting circuit 54a de- 
- lays the falling edge of a chip enable signal CE2Z by 
about 100 ns and outputs it to a node ND1. The CE2Z 
. signal is the CE2 signal which is supplied from the ex- 
30 terior and received at the input buffer (not shown). 
[0117] The timing adjusting circuit 54b is identical to 
the timing adjusting circuit 54a. The timing adjusting cir- 
cuit 54b delays the falling-edge of the signal transmitted 
to a node ND3, by about 100 ns. 
35 [0118] The level shifter 56 has two sets of pMOSes 
and nMOSes connected in series. Each nMOS receives 
at its gate the signals in phase and in inverted phase of 
a row address strobe signal RASX. The inverter for gen- 
erating these inverted and uninverted signals of the 
40 RASX signal receives the internal supply voltage VII and 
the ground voltage VSS. The RASX signal is a control 
signal which turns to a low level when the word line is 
activated. The gates of the pMOSes are individually 
connected with the drains of the adjacent pMOSes, and 
45 . the drains (or output nodes) of the nMOSes for receiving 
the positive logic of the RASX signal are connected with 
the RS flip-flop 58. Each pMOS receives the power sup- 
ply voltage VDD at its source, and each nMOS receives 
the ground voltage VSS at its source. 
50 [0119] The RS flip-flop 58 is composed of two two- 
input NOR gates. One input corresponding to an output 
node ND2 receives the start signal STTCRX, and the 
other input receives the output signal of the level shifter 
56. 

55 - [0120] The combinational circuit 60 receives the low 
level of the nodes ND1, ND2 and the chip enable signal 
CE1X and it turns the output node ND3 at the low level. 
The CE1X signal is generated at the input buffer (not 
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shown) receiving the /CE1 signal supplied from the ex- 
terior and is also the negative logic signal. 
[0121] The timing adjusting circuit 54b activates the 
ULP signal (to the high level) through the inverter about 
100 ns after receiving the low level of the node ND3, 
[0122] Fig. 13 shows the operations of the low power 
entry circuit 50. 

[0123] First, when the power supply is switched on, 
the STTCRX signal turns to the low level so that the volt- 
age of the /CE1 signal rises following the power supply 
voltage VDD. Thus, the malfunction is prevented. 
[0124] A predetermined time after the power supply 
was switched on, the STTCRX signal turns to the high 
level (Fig. 13(a)). After this, the exterior controller for 
controlling the DRAM raises the CE2 signal to the high 
level (Fig. 13(b)). The timings above are identical to 
those of the first embodiment. In response to the high 
level of the CE2Z signal, the node ND1 shown in Fig. 
12 turns to the high level (Fig. 13(c)). 
[0125] The initial cycle is executed to turn the RASX 
signal to the low level (Fig. 13(d)). In response to the 
low level of the RASX signal, the RS flip-flop 58 raises 
the node ND2 to the high level (Fig. 13(e)). After this, 
there are started the operations of the internal voltage 
generator 18 shown in Fig. 11. 

[0126] Next, there is supplied an entry command for 
the entry into the low power consumption mode. In this 
embodiment, the DRAM enters the low power consump- 
tion mode by turning the /CE1 signal to the low level a 
predetermined time after turning the CE2 signal to the 
low level. 

[0127] The timing adjusting circuit 54a turns the node 
ND1 to the low level about 100 ns after receiving the low 
level of the CE2Z signal (Fig. 13(f)). 100 ns or more after 
the falling edge of the CE2Z signal, the CE1X signal is 
turned to the low level (Fig. 13(g)). In response to the 
low level of the CE1Z signal and the low level of the node 
ND1 , the combinational circuit 60 shown in Fig. 12 turns 
the node ND3 to the low level (Fig. 13(h)). The timing 
adjusting circuit 54b raises the ULP signal to the high 
level (Fig. 13(i)) about 100 ns after receiving the low lev- 
el of the node ND3. The DRAM enters the low power 
consumption mode. 

[0128] Thus, the DRAM enters the low power con- 
sumption mode by the command input. 
[0129] At this time, the inverter of the level shifter 56 
shown in Fig. 1 2 receives the power supply voltage VDD 
in place of the internal supply voltage VII. As a result, 
the level shifter 56 is prevented to have the leak path 
because the gate of the nMOS is reliably switched off. 
[01 30] When the low power consumption mode is re- 
leased, the CE1X signal is first turned to the high level 
(Fig. 130))- Tne combinational circuit 60 receives the 
high level of the CE1X signal to turn the node ND3 to 
the high level (Fig. 13(k)) and the ULP signal to the low 
level (Fig. 1 3( 1 )). 200 is after the rising edge of the CE 1 X 
signal, the CE2Z signal is turned to the high level (Fig. 
13(m)). In response to the high level of the CE2Z signal, 



a level of the node ND1 turns to the high level. During 
this period of 200 s, the internal voltage generator 18 is 
activated to stabilize the individual internal voltages 
VPP, VPR, VII and VBB at predetermined levels. 

5 [0131] . Here, the activations and inactivations of the 
internal voltage generator 18 are performed as in the 
first embodiment. Specifically, the controls of the indi- 
vidual circuits in this embodiment are identical to those 
of the first embodiment excepting that the entry to and 

10 exit from the low power consumption mode are execut- 
ed by the command inputs. 

[0132] This embodiment can achieve effects similar 
to those of the foregoing first embodiment. In this em- 
bodiment, moreover, the DRAM can enter the low power 
15 consumption mode and can be released from the low 
power consumption mode by the command inputs using 
the /CE1 signal and the CE2 signal. 
[0133] Fig. 14 shows a third embodiment of the sem- 
iconductor memory device of the present invention. The 
20 same circuits as those described in the first and second 
embodiments are designated by the common reference 
numerals, and their detailed description will be omitted. 
In this embodiment, a low power entry circuit 62 receives 
the low power consumption mode signal /LP. This low. 
25 power consumption mode signal /LP is a signal dedicat- 
ed for the DRAM to enter the low power consumption 
mode. The low power entry circuit 62 detects the falling 
edge of the /LP signal to bring the DRAM into the low 
power consumption mode. The command decoder 52 
30 is supplied with the /CE1 signal, the CE2 signal and an- 
other control signal CN. The remaining constructions 
are similar to those of the foregoing first embodiment. 
[0134] The operation timings of the DRAM at the 
switch-on of the power supply and at the entry into and 
35 the exit from the low power consumption mode accord- 
ing to this embodiment are identical to those of the case 
in which the CE2 signal is replaced by the /LP signal in 
the timing chart shown in Fig. 7. 
[0135] This embodiment can also achieve effects sim- 
40 ilar to those of the foregoing first embodiment. In this 
embodiment, moreover, the DRAM can reliably enter 
the low power consumption mode and be released from 
the mode by the dedicated low power consumption 
mode signal /LP. 
45 [0136] Figs. 15 and 16 show a VII starter in a fourth 
embodiment of the semiconductor memory device and 
a third embodiment of its control method of the present 
invention. The same circuits as those described in the 
first embodiment are designated by the common refer- 
so ence numerals, and their detailed description will be 
omitted. 

[0137] In this embodiment, a VII starter 70 is formed 
in replace of the VII starter 10 in Fig. 3 (the first embod- 
iment). The other configuration is identical to that in Fig. 
55 3. In other words, the DRAM of this embodiment similar 
to that of Fig. 7 enters the low power consumption mode 
by turning the CE2 signal to low level during a high-level 
period ofthe /CE1 signal and it is released from the low 
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.power consumption mode by turning the CE2 signal to 
high level. 

10138] The VII starter 70 comprises a release detect- 
ing circuit 72 shown in Fig. 15 , a level detecting circuit 
74 and a power-on circuit 76 shown in Fig. 1 6. In Figs, e 
15 and 1 6 a logic circuit is supplied with a power supply 
voltage VDD except the circuit with a power supply volt- 
age indicated. 

mi39] A release detecting circuit 72 comprises a de- 
tecting circuit 72a, a level shiner 72b, and a flip-flop 72c. 
The detecting circuit 72a receives a low power signal 
ULP shown in Fig. 3 and outputs the low level of a pulse 
LPLS in synchronization with the falling edge of the ULP 
signal The level shifter 72b converts the high level volt- 
age (internal power supply voltage VII) of a row address '5 
strobe signal RASZ to the external powersupply voltage 
VDD and outputs a row address strobe signal RASX1 
having inverted logic. The level shifter 72b is Identical 
eo the level shifter 56 shown in Fig. 12. Receiving a low 
pulse from the detecting circuit 72a, the flip-flop 72c 
turns a release signal REL to high level, and receiving 
a tow level (RASZ = high level) from the level shifter 72b, 
it turns the release signal REL to low level. 
[0140] In Fig. 1 6, a level detecting circuit 74 compris- 
es a differential amplifier 74a including a current mirror 25 
circuit and an inverter row 74b which includes an odd 
number of inverters and receives the output of the dif- 
ferential amplifier 74a. The differential amplifier 74a is 
activated during the high level of the release signal REL, 

compares an internal power supply voltage VII with a 
reference voltage VREF, and outputs the comparison 
result to an inverter row 74b. A generatorfor the internal 
power supply voltage VII generates a constant value of 
the internal power supply voltage VII independent of the 
fluctuation of the power supply voltage VDD supplied 3S 
from the exterior. On the other hand, the reference volt- 
age VREF varies depending on the fluctuation of the 
power supply voltage VDD. 

[0141] The output voltage of the differential amplifier 
74a goes low when the internal power supply voltage <o 
VII is lower than the reference voltage VREF. The dif- 
ferential amplifier 74a comprises a MOS capacitor 74c 
for receiving the reference voltage VREF in order to pre- 
vent its response to insignificant fluctuation of the refer- 
ence voltage VREF. In addition, an nMOS 74d for re- « 
ceiving the reference voltage VREF is disposed on a 
path to a ground line VSS in order to limit the amount of 
current flow to the ground line VSS and reduce the pow- 
er consumption during the operation of the differential 
amplifier 74a. The nMOS 74d operates as high-resist- 
ance. An inverter 74e in the initial stage of the inverter 
row 74b has an nMOS connected in serial so as to have 
the logic threshold of an input signal in conformity with 
the output of the differential amplifier 74a. 
[0142] A power-on circuit 76 turns a start signal STT 
to high level during a predetermined period since the 
power supply voltage is supplied to the DRAM. An OR 
circuit 78, upon receiving the high level of a start signal 



STTPZ or the high level of the start signal STT, outputs 
the high level of a start signal STTVII (reset signal). The. 
start signal STTVII, similarly to that of Fig. 3, is supplied 
to the main circuit unit 20 and initializes a predetermined 
internal circuit. 

[0143] Fig. 17 shows the operation timings of the 
above-described DRAM at the time of entry to and exit 
from the low power consumption mode. 
[0144] Firstly, when the CE2 signal (not shown) is 
turned to low level, the DRAM enters the low power con- 
sumption mode by a low power entry circuit 14 shown 
in Fig 3 and a generator for the internal power supply 
voltage VII terminates its operation. The internal power 
supply voltage VII (for example, 2.0V in a normal oper- 
ation) becomes equal to the power supply voltage VDD 
(for example. 2.5V)(Fig. 17(a)) and an ULP signal turns 
to high level(Fig. 17(b)). 

[0145] Subsequently, the CE2 signal being turned to 
high level, the DRAM is released from the low power 
consumption mode and the ULP signal turns to low level 
(Fig. 17(c)). In other words, the DRAM is released from 
the low power consumption mode in accordance with 
the level of the CE2 signal received during the low power 
consumption mode. The exit from the low power con- 
sumption mode is controlled by the low power entry cir- 
cuit 14 shown in Fig. 3. 

[0146] Receiving the falling edge of the ULP signal, 
the detecting circuit 72a in Fig. 15 turns an LPLS signal 
to low level (pulse)(Fig. 17(d)). Receiving the low level 
of the LPLS signal, the flip-flop 72c in Fig. 15 turns the 
REL signal to high level (Fig. 17 (e)). 
[0147] Due to the exit from the low power consump- 
tion mode, a power supply line of the internal power sup- 
ply voltage VII and that of the powersupply voltage VDD 
are disconnected and simultaneously the generator for 
the internal power supply voltage VII initiates its opera- 
tion. The internal power supply voltage VII goes low for 
some time from the initiation of the generator(Fig. 17(f)). 
The differential amplifier 74a in Fig. 16 outputs low level 
to the inverter row 74b when the internal power supply 
voltage VII is lower than the reference voltage VREF(for 
example 1.25V). The inverter row 74b, upon receiving 
the low level of the differential amplifier 74a, outputs the 
high level of the STTPZ signal(Fig. 17(g)). The OR cir- 
cuit 78 upon receiving the high level of the STTPZ sig- 
nal, turns a start signal STTVII to high level. The start 
signal STTVII functions as a reset signal and a prede- 
termined internal circuit of the main circuit unit 20 shown 
in Fig.3 is initialized. 

[0148] After the exit from the low power consumption 
mode by issuing an operation command to the DRAM, 
the RASZ signal is turned to high level(Fig. 17(h)) and 
the REL signal to low level(Fig. 17(i)). The differential 
amplifier 74a is inactivated due to the low level of the 
REL signal. 

[0149] Asdescribed above, at the time of the exit trom 
the low power consumption mode, the initialization of 
the internal circuit prevents it from malfunctioning when 
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the operation of the internal circuit supplied with the in- 
ternal power supply voltage VII cannot be ensured be- 
cause of the internal power supply voltage VII lower than 

a predetermined voltage (reference voltage VREF). 
[0150] In this embodiment above, when the state of 
the CE2 signal received during the low power consump- 
tion mode indicates exit of the low power consumption 
mode the low power consumption mode is released. 
This allows the easy exit of a chip from the low power 
consumption mode by the control signal from the exte- 

[0151] At the exit from the low power consumption 
mode the start signal STTVII which is a reset signal for 
initializing an internal circuit is activated during a period 
where the internal power supply voltage VII is lower than 
the reference voltage VREF. This makes it possible to 
securely reset the internal circuit and prevent the mal- 
function of the internal circuit when the low power con- 
sumption mode shifts to the normal operating mode. 
[0152] One control signal(CE2 signal)enables the en- 
try of a chip to the low power consumption mode and 
the exit of a chip from the low power consumption mode. 
[0153] Fig. 18 shows a level detecting circuit 80 in a 
fifth embodiment of the semiconductor memory device 
and its control method of a fourth embodiment of the 
present invention. The same circuits as those described 
in the first and forth embodiments are designated by the 
common reference numerals, and their detailed descrip- 
tion will be omitted. 

[0154] In this embodiment, a level detecting circuit 80 
is formed in replace of the level detecting circuit 74 de- 
scribed in the forth embodiment. The other configuration 
is identical to that in the forth embodiment. 
[01 55] The level detecting circuit 80 comprises: a dif- 
ferential amplifier 80 for comparing the internal power 
supply voltage VII with the reference voltage VREF; an 
inverter row 80b including an even number of inverters; 
a differential amplif ier 80c for comparing a boost voltage 
VPP of a word line (not shown) with the power supply 
voltage VDD from the exterior; an inverter row 80d in- 
cluding an even number of inverters; and an NAND gate 
80e The boost voltage VPP generated by a booster is 
formed inside of the chip. The differential amplifiers 80a 
and 80c are identical to the differential amplifier 74a in 
Fig. 16 and are activated upon receipt of the high level 
of the REL signal. The inverter rows 80b and 80d are 
constructed of the inverter in the initial stage and the 
inverter in the second stage of the inverter row 74b in 
Fig 16 The inverter row 80b receives the output of the 
differential amplifier 80a and outputs the received logic 
level to a NAND gate 80e as a start signal STT1X. The 
inverter row 80d receives the output of the differential 
amplifier 80c and outputs the received logic level to the 
NAND gate 80e as a start signal STT2X. The NAND 
gate 80e operates as an OR circuit of negative logic and 
outputs a start signal STTPZ. 

[0156] Fig 19 shows the operation timings of the 
above-described DRAM at the time of entry to and exit 



from a low power consumption mode. 
[0157] Firstly, when the CE2 signalfnot shown) is 
turned to low level, the DRAM enters the low power con- 
sumption mode and a generator for the internal power 
5 supply voltage VII and a generator for the boost voltage 
VPP terminate their operation. The internal power sup- 
ply voltage VII (for example, 2.0V in the normal opera- 
tion) and the boost voltage VPP (for example, 3.7V in 
the normal operation) become equal to the power supply 
io voltage VDD (for example, 2.5V)(Fig. 19(a)) and an ULP 
signal turns to high level (Fig. 1 8(b)). 
[0158] Subsequently, the CE2 signal being turned to 
high level, the DRAM is released from the low power 
consumption mode and the ULP signal turns to low level 
is (Fig. 19(c)). The LPLS signal is turned to low level 
(pulse) as well as in Fig. 17 (Fig. 19(d)) and the REL 
signal is turned to high level (Fig. 19(e)). 
[01 59] Due to the exit from the low power consump- 
tion mode, the power supply line of the internal power 
20 supply voltage VII and the power supply line of the pow- 
er supply voltage VDD are disconnected and the gen- 
erator for the internal power supply voltage VII initiates 
its operation. The internal power supply voltage VII goes 
low for some time from the initiation of the generator(Fig. 
25 19(f)) ThelowleveloftheSTTIXsignalisoutputdunng 
a period where the internal power supply voltage VII is 
lower than the reference voltage VREF (for example, 
1 25V) (Fig 19(g)). Similarly, the connection between 
the power supply line of the boost voltage VPP and that 
so of the power supply voltage VDD is disconnected and 
the generator for the boost voltage VPP initiates its op- 
eration The boost voltage VPP goes low for some time 
from the initiation of the generator (Fig. 19(h)). The low 
level of the STT2X signal is output during a period where 
35 the boost voltage VPP is lower than the power supply 
voltage VDD (Fig. 19(0) 

[0160] The NAND gate 80e in Fig. 18 outputs the high 
level of the STTPZ signal during a period where the 
STT1X signal or the STT2X signal is at low level (Fig. 
40 1 90)) D^ing the high level of the STTPZ signal, the 
start signal STTVII (Fig. 16)is turned to high level. The 
start signal STTVII functions as a reset signal and ini- 
tializes a predetermined internal circuit of the main cir- 
cuit unit 20 shown in Fig.3. 
45 [01 61] After the exit from the low power consumption 
mode the DRAM initiates its operation, thereby the 
RASZ signal being turned to high level (Fig. 19(k)) and 
the REL signal to low level(Fig. 19(1)) as well as in Fig. 
17. The differential amplifier 80a and 80 are inactivated 
50 due to the low level of the REL signal. 

[01 62] This embodiment can also achieve effects sim- 
ilar to those of the foregoing fourth embodiment. In this 
embodiment, moreover, at the time of the exit from the 
low power consumption mode a start signal STTVII for 
55 initializing an internal circuit is activated during a period 
where the boost voltage VPP internally generated is 
lower than the power supply voltage VDD from the ex- 
terior- Specifically, at the time of the exit from the low 
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power consumption mode, the start signal STTVII for in- 
itializing an internal circuit is activated during a period 
where at least one of the internal power supply voltage 
VII and is/are respectively lower than the reference volt- 
age VREF and the power supply voltage VDD. This 
makes it possible to securely reset the internal circuit 
and prevent the malfunction of the internal circuit when 
the low power consumption mode shifts to the normal 
operating mode. 

[0163] Fig. 20 shows a start signal generator of the 
semiconductor memory device in a sixth embodiment 
and its control method of a fifth embodiment of the 
present invention. The same circuits as those described 
in the first and forth embodiments are designated by the 
common reference numerals, and their detailed descrip- 
tion will be omitted. 

[0164] In the DRAM of this embodiment, a start signal 
generator 82 is formed in replace of the release detect- 
ing circuit 72 and the level detecting circuit 74 described 
in the forth embodiment. The other configuration is iden- 
tical to that in Fig.3 (the first embodiment). 
[01 65] The start signal generator 82 are constructed 
of a CMOS inverter 82a for receiving a CE2X signal (in- 
ternal signal) which is an inverted CE2 signal, a MOS 
capacitor 82b connected with the output of the CMOS 
inverter 82a, and a differential amplifier 82c for receiving 
the input of the CMOS inverter 82a and the reference 
voltage VREF. The differential amplifier 82c comprising 
a current mirror circuit, turns a start signal STTPZ to high 
level when the voltage of a node ND4 is lower than the 
reference voltage VREF. 

[0166] The pMOS of the CMOS inverter 82a has a 
long channel length to have high on-resistance. A CR 
time constant circuit is constricted of the pMOS of the 
CMOS inverter 82a and the MOS capacitor 82b. Utiliz- 
ing the on-resistance of a transistor to construct the CR 
time constant circuit allows the layout to be reduced in 
size than the case of utilizing diffused resistance. 
[0167] Fig. 21 shows the operation timings of the 
above-described DRAM at the time of entry to and exit 
from the low power consumption mode. 
[0168] Firstly, when the CE2 signal (not shown) is 
turned to low level, the CE2X signal is turned to high 
level and the DRAM enters the low power consumption 
mode A generator for the internal power supply voltage 
VII and a generator for the boost voltage VPP terminate 
their operation. The CMOS inverter 82a in Fig. 20 upon 
receiving the high level of the CE2X signal, turns the 
nMOS on and a node ND4 to low level (Fig. 21(a)). The 
differential amplifier 82c turns a STTPZ signal to high 
level when the voltage of the node ND4 is lower than 
the reference voltage VREF (Fig. 21(b)). 
[0169] Subsequently, the CE2 signal being turned to 
high level and the CE2X signal to low level, the DRAM 
is released from the low power consumption mode (Fig. 
21(c)). The CMOS inverter 82 in Fig. 20 upon receiving 
the low level of the CE2X signal, turns the pMOS on and 
the node ND4 to high level (Fig. 21 (d)). At this time the 



voltage of the node ND4 gradually rises in accordance 
with the time constant determined by the on-resistance 
of the pMOS and the CMOS capacitor. The differential 
amplifier 82c turns the STTPZ signal to low level when 
s the voltage of the node ND4 is higher than the reference 
voltage VREF (Fig. 21(e)). 

[01 70] Consequently, the STTPZ signal(reset signal) 
is activated (high level) and the internal circuit is initial- 
ized during a period T2 from the exit from the low power 
10 consumption mode. The period T2 is set after the exit 
from the low power consumption mode in correspond- 
ence with a period where the internal power supply volt- 
age VII is lower than a predetermined voltage so that 
the operation of the internal circuit supplied with the in- 
15 ternal power supply voltage VII can not be ensured. In 
other words, the start signal generator 82 operates as 
a timer for determining the length of the period T2. 
[0171] This embodiment can also achieve effects sim- 
ilar to those of the foregoing fourth embodiment. In this 
20 embodiment, moreover, at the time of the exit from the 
low power consumption mode the start signal generator 
82 is operated as a timer to generate the STTPZ signal 
and the internal circuit is initialized during the period T2 
after the exit from the low power consumption mode. 
25 This makes it possible to reliably reset the internal circuit 
and prevent the malfunction of the internal circuit when 
the low power consumption mode shifts to the normal 
operating mode. 

[0172] Since the start signal generator 82 is operated 
30 as a CR time constant circuit, it is possible to set the 
period T2 based on the propagation delay time of a sig- 
nal propagated to the CR time constant circuit. This 
makes it possible to set a period necessary for resetting 
the internal circuit by a simple circuit. 
35 [0173] The on-resistance of the pMOS is utilized to 
form the CR time constant circuit so that the layout of 
the start signal generator 82 can be reduced in size. 
[0174] In the embodiment described above, the 
present invention is applied to the DRAM. However, the 
40 present invention is not limited to this embodiment. For 
example, the present invention may be applied to a sem- 
iconductor memory such as SDRAMs (Synchronous 
DRAMs), DDR SDRAMs (Double Data Rate SDRAMs), 
or FCRAMs (Fast Cycle RAMs). 
45 [0175] A semiconductor fabrication process to which 
the present invention is applied is not restricted to the 
CMOS process, but it may well be a Bi-CMOS process. 
[0176] The foregoing second embodiment has been 
described on an example in which the low power entry 
so circuit 50 is formed by connecting the plurality of delay 
circuits 54c in series. However, the present invention 
should not be limited thereto but may form the low power 
entry circuit by using a latch circuit to be controlled by 
the STTCRX signal, for example. In this modification, 
55 the circuit scale is reduced. 

[0177] The foregoing third embodiment has been de- 
scribed on the example using the dedicated low power- 
consumption mode signal /LP. This DRAM can be sup- 
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plied even to the user requiring no low power consump- 
tion mode, for example, by pulling up the /LP signal on 
the chip and providing no terminal for the /LP signal. This 
/LP signal may be connected with the power supply volt- 
age VDD by bonding or blowing the fuse. Alternatively, 
the /LP signal may be connected with the power supply 
voltage VDD by selecting photo masks of a wiring layer. 
[0178] The foregoing fifth embodiment has been de- 
scribed on an example of the comparison between the 
boost voltage VPP and the power supply voltage VDD. 
However, the present invention is not limited to this em- 
bodiment, for example, the boost voltage VPP may well 
be compared with the reference voltage VREF which is 
generated by stepping down the power supply voltage 
VDD. 

[0179] The foregoing sixth embodiment has been de- 
scribed on an example of operating the start signal gen- 
erator 82 as a timer for determining the length of the 
period T2 at the exit from the low power consumption 
mode and activating a STTPZ signal(reset signal) for in- 
itializing an internal circuit during the period T2. The 
present invention is not limited to this embodiment. For 
example, at the time of the exit from the low power con- 
sumption mode, a counter operating in normal operation 
is operated as a timer so as to count a predetermined 
number. The reset signal for initializing an internal circuit 
may well be activated during a period where the counter 
counts the number. A refresh counter indicating the re- 
fresh address of memory cells or the like can be used 
as the counter. 

[0180] The invention is not limited to the above emv 
bodiments and various modifications may be made with- 
out departing from the scope of the invention. Any im- 
provement may be made in part or all of the compo- 
nents. 
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1 or 2, wherein said internal voltage generator in- 
cludes a substrate voltage generator for generating 
a substrate voltage to be supplied to a substrate. 

A semiconductor memory device according to claim 
1, 2 or 3, further comprising a memory core having 
a plurality of memory cells, and wherein 

said internal voltage generator includes an in- 
ternal supply voltage generator for generating an in- 
ternal supply voltage to be supplied to said memory 
core lower than said supply voltage. 



Claims 

1. A semiconductor memory device comprising: 

an internal voltage generator receiving a power 
supply voltage from an exterior for generating 
an internal voltage to be supplied to an internal 
circuit; and 

an entry circuit for inactivating said internal volt- 
age generator in response to a control signal 
received from the exterior and entering the de- 
vice into a low power consumption mode. 

2. A semiconductor memory device according to claim 
1, further comprising a word line connected with 
memory cells, and wherein 

said internal voltage generator includes a 
booster for generating a boost voltage to be sup- 
plied to said word line. 



5. A semiconductor memory device according to any 
preceding claim, further comprising a memory core 

15 including memory cells and a bit line connected with 
memory ceils, and wherein 

said internal voltage generator includes a pre- 
charging voltage generator for generating a pre- 
charging voltage to be supplied to said bit line. 

20 

6. A semiconductor memory device according to any 
preceding claim, further comprising an external 
voltage supplying circuit for supplying said power 
supply voltage as said internal voltage to said inter- 

25 nal circuit during said low power consumption 
mode. 

7. A semiconductor memory device according to any 
preceding claim, wherein said entry circuit receives 

30 a reset signal for inactivating said internal circuit 
from the exterior and enters the device into said low 
power consumption mode. 

8. A semiconductor memory device according to any 
35 preceding claim, wherein said entry circuit receives 

a plurality of control signals from the exterior and 
enters the device into said low power consumption 
mode when the levels of the control signals indicate 
a low power consumption command. 

40 

9. A semiconductor memory device according to claim 

8, wherein said entry circuit receives from the exte- 
rior a reset signal for inactivating said internal circuit 
and a chip enable signal for activating a part of said 

45 internal circuit to be operated in a read/write oper- 
ation and enters the device into said low power con- 
sumption mode when the levels of the reset signal 
and the chip enable signal indicate said low power 
consumption command. 

50 

10. A semiconductor memory device according to claim 

9, wherein said entry circuit enters the device into 
said low power consumption mode when said reset 
signal is inactivated during a predetermined period 

55 and then said chip enable signal is activated during 
a predetermined period. 



A semiconductor memory device according to claim . 1 1 . A semiconductor memory device according to claim 
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8, 9 or 10, wherein said entry circuit receives said 
plurality of control signals during said low power 
consumption mode and exits the device from the 
low power consumption mode when the levels of 
said control signals indicate exit of the low power 
consumption mode. 

12. A semiconductor memory device according to any 
preceding claim, wherein: 

said control signal includes a low power con- 
sumption mode signal; and 
said entry circuit receives the predetermined 
level or the transition edge of said low power 
consumption mode signal and enters the de- 
vice into said low power consumption mode. 

13. A semiconductor memory device comprising: 



an internal voltage generator receiving a power 20 
supply voltage from an exterior for generating 
an interna! voltage to be supplied to an internal 
circuit; and 

an entry circuit for inactivating said internal volt- 
age generator in response to a control signal 25 
received from the exterior and entering the de- 
vice into a low power consumption mode, and 
wherein said entry circuit receives said control 
signal during said low power consumption 
mode and exits the device from said low power 30 
consumption mode when the state of said con- 
trol signal indicates exit of said low power con- 
sumption mode. 

14. A semiconductor memory device according to claim 35 
13, 

wherein a reset signal for initializing an inter- 
nal circuit is activated during a period where said 
internal voltage is lower than a predetermined volt- 
age after the device is exited from said lower power 40 
consumption mode. 

1 5. A semiconductor memory device according to claim 
14, 

wherein said predetermined voltage is a ref- 45 
erence voltage which is generated by stepping 
down said power supply voltage. 

1 6 A semiconductor memory device according to claim 
" 13, 

wherein a reset signal for initializing an inter- 
nal circuit is activated during a period where a boost 
voltage internally generated is lower than a prede- 
termined voltage after the device is exited from said 
lower power consumption mode. 55 

1 7. A semiconductor memory device according to claim 
16, 



:.- wherein said predetermined voltage is said 
power supply voltage. 

1 8. A semiconductor memory device according to claim 
5 16, 

wherein said predetermined voltage is said 
reference voltage which is generated by stepping 
down said power supply voltage. 

10 19, a semiconductor memory device according to claim 
13, 

wherein a reset signal for initializing an inter- 
nal circuit is activated during a period wherein at 
least one of said internal voltage and a boost volt- 
is age internally generated is/are lower than respec- 
tive predetermined voltages after the device is ex- 
ited from said lower power consumption mode. 

20. A semiconductor memory device according to claim 
13, further comprising a timer for measuring a pre- 
determined length of time after the device is exited 
from, said lower power consumption mode, and 
wherein 

a reset signal for initializing an internal circuit 
is activated during said predetermined length of 
time. 



21 . A semiconductor memory device according to claim 

20,. 

wherein said timer includes a CR time constant 
circuit; and 

said predetermined length of time is measured 
based on the propagation delay time of a signal 
propagated to said CR time constant circuit. 

22. A semiconductor memory device according to claim 
20, 

wherein said timer includes a counter which op- 
erates during a normal operation; and 
said predetermined length of time is measured 
based on a count value of said counter. 

23. A semiconductor memory device according to claim 
22, 

wherein said counter is a refresh counter 
which indicates refresh address of memory cells. 

24. A method of controlling a semiconductor memory 
device, comprising an internal voltage generator re- 
ceiving a power supply voltage from an exterior for 
generating an internal voltage to be supplied to an 
internal circuit, said method comprising the steps of: 

inactivating said internal voltage generator in 
response to a control signal received from the 
exterior; and 
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entering the device into a low power consump- 
tion mode. 

25. A method of controlling a semiconductor memory 
device according to claim 24, wherean: 

said control signal comprises a plurality of con- 
trol signals; and 

the device enters into said low power consump- 
tion mode when a logical comteination of said 
control signals indicate a low power consump- 
tion command. 



26. A method of controlling a semiconductor memory 
device according to claim 25, wherein: 



the device enters into said low power consump- 
tion mode when a reset signal for inactivating 
said internal circuit is inactivated and then a 
chip enable signal for activatingf a part of said 
internal circuit to be operated in a read/write op- 
eration is activated, and wherein 
said reset signal is inactivated vwhen the power 
supply is switched on. 

27. A method of controlling a semiconductor memory 
device, comprising an internal voltage generator re- 
ceiving a power supply voltage front an exterior for 
generating an internal voltage to be supplied to an 
internal circuit, said method comprising the steps of: 

inactivating said internal voltage generator in 
response to a control signal received from the 
exterior and entering the device anto a low pow- 
er consumption mode; and 
receiving said control signal during said low 
power consumption mode and exiting the de- 
vice from said low power consumption mode 
when the state of said control sagnal indicates 
exit of said low power consumption mode. 
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28. A method of controlling a semiconductor memory 
device according to claim 27, 

wherein a reset signal for initializing an inter- 
nal circuit is activated during a period where said 
internal voltage is lower than a predetermined volt- 
age after the device is exited from sand lower power 
consumption mode. 
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